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^ (54) Title: FREEZE INDICATING DEVICE 




^ (57) Abstract: A freeze indicating device is disclosed. The device indicates that it has been subjected to a freezing temperature and 
O includes a vessel having an open end, the vessel containing an amount of a liquid that expands at or near the freezing temperature 
and sealing means for sealing the open end of the vessel, wherein the sealing means interacts with the liquid upon fi«ezing of the 
^S, liquid and undergoes displacement with respect to the vessel to indicate that the liquid has iiozen. 
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FREEZE INDICATING DEVICE 
FIELD OF THE INVENTION 

The present invention relates to a temperature indicating device. In a 
particular form, the present invention relates to a freeze indicating device for 
5 providing a visible record that the environment local to the device has been 
subject to a freezing temperature. 

BACKGROUND OF THE INVENTION 

Whilst in many applications, such as in the transport and preparation of 
10 foodstuffs/ it is important that related temperatures do not exceed a 
maximum temperature for a predetermined amoimt of time often, it is 
important to ensure that items being kept in a cool environment do not in fact 
freeze. 

15 One such example is the storage of vacdnes. These must be kept cool, often 
within a narrow range of temperatures that approach 0° C. However, a 
vaccine will spoil if it freezes, thereby rendering it useless. Accordingly, 
cooled storage containers which are used to store vaccines must be able to 
regulate cooling temperatures to a high degree. A vaccine which has been 

20 frozen and has not thawed will be plainly evident on removal from the fridge 
or cooled storage container. However, where a vaccine may have frozen and 
then subsequently thawed due to irregtileuities in the cooling mechanism of 
the cooled storage container then there will be no evidence of this having 
occurred. This will then potentially result in a spoiled vaccine being 

25 administered. There have been a number of freeze indicators that have been 
developed that have attempted to address this issue. 

US Patent No. 4,132,186 describes a freeze indicating device comprising a 
constant total volume container having a first chamber, where the first 
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chamber includes a reservoir portion and an elongated portion with a passage 
conununicating at one end with said reservoir portion and at the other end of 
said device with an indicating material; a second chamber having an 
expandable wall, said second chamber located within the reservoir of said 

5 first chamber; an aqueous first liquid in said second chamber; a second liquid 
substantially filling said reservoir portion of the first chamber and having a 
fluid character at the freezing point of said aqueous liquid; a visible indicating 
material for said second liquid at the vented end of said passage; and the 
length of said passage and the position of said indicating material being such 
10 that upon the freezing and expansion of said aqueous liquid, the second 

liquid in said reservoir is forced through said passage and into contact with 
said visible indicating material. Qearly, this device has the disadvantage of 
incorporating two separate liquids and a niunber of chambers, one of these 
chambers including an expandable wall. This makes the device overly 

15 complicated to manufacture. 

US Patent No. 4,145,918 describes a device for indicating that an envirorunent 
has reached or passed through the temperature near a freezing point of a 
liquid comprising: a frangible sealed ampule, a liquid being enclosed in said 

20 ampule, said liqtud having the characteristic of expanding in volume at or 
near its freezing point, said ampule having at least a first and a second face, 
said first face having an indentation projecting relatively close to but spaced 
from said second face inside of said ampule, said indentation forming a sharp 
acute angle inside of said ampule, said indentation performing the dual 

25 function of providing a site for encouraging crystal growth when said liquid 
is at or near its freezing point and further providing a mechanism for 
strengthening said first face of said ampule relative to said second face 
whereby said frangible, sealed ampule will consistently break upon tiie 
expansion of said liquid, thereby indicating that the environment has reached 
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or passed through a temperature near the freezing point of said liquid. Again, 
tihe complicated internal structure of the ampule makes this device difficult to 
fabricate making the unit cost of each device high. 

5 US Patent No. 4,191,125 describes a freeze indicator comprising a frangible 
container, said container housing a liquid which expands upon freezing, 
thereby fracturing said container, said liquid having a nucleating agent 
disbursed therein, said nucleating agent being substantially insoluble in said 
liquid, liquid responsive indicator means, said nucleating agent and said 

10 liquid having substantially similar molecular space groupings whereby 

imdercooling of said liquid is substantially prevented; said container further 
housing a surfactant which is mixed with said liquid and said nucleating 
agent before freezing of said liquid for providing increased contact between 
said nucleating agent and said liquid and furiher providing a decrease in 

15 sxirf ace tension between said container, when fractured, and said liquid 
whereby a substantial immediate indication of freezing is provided on said 
liquid responsive indicating means. Qearly, the use of a number of different 
chemical materials such as surfactants and a nucleating agent adds to the 
complexity of this freeze indicator again making the associated costs of 

20 manufacture relatively high. 

It is an object of the present invention to provide a freeze indicating device 
that is capable of being manufactured in a simple and cost effective manner. 

25 It is an object of the present invention to provide a freeze indicating device 
that is capable of providing a clear indication that the device has frozen. 

It is a further object of the present invention to provide a freeze indicating 
device which is capable of being readily integrated witii a temperature 
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indicating device to indicate that the device has been exposed to temperatures 
outside of a predetermined temperature range. 

SUMMARY OF THE INVENTION 

5 In a first aspect the present invention accordingly provides a freeze indicating 
device for indicating that the device has been subjected to a freezing 
temperature, the device including: 

a vessel having an open end, the vessel containing an amount of a 
liquid that expands at or near the freezing temperature; and 
10 sealing means for sealing the open end of the vessel, wherein tfie 

sealing means interacts with the liquid upon freezing of the liquid and 
tmdergoes displacement with respect to the vessel to indicate that the liquid 
has frozen. 

Preferably, displacement of the sealing meaits exposes an indicating region to 
15 indicate that the Uquid has frozen. 

Preferably, the indicating region is located on the sealing means. 

Optionally, the indicating region is located on an external surface of the 
20 vessel. 

Preferably, the amoimt of the liquid causes the sealing means to be separated 
from the vessel upon freezing of the liquid. 

25 Preferably, the device further includes liquid indicator means to interact with 
the liquid on thawing. 
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Preferably, the liquid indicator means includes an absorbent member 
incorporating a liquid soluble indicator which dissipates into the absorbent 
member on contact with the liquid on thawing. 

5 Optionally, the vessel is open at both ends and includes corresponding 

sealing means located at each end which xmdergo displacement on freezing of 
the liquid. 

In a second aspect the present invention accordingly provides a temperature 
10 range indicating device for indicating that the device has been subjected to a 
temperature outside of a predetermined temperature range, the 
predetermined temperature ranged defined at a lower end by a freezing 
temperature and at an upper end by a raised temperature, the device 
including: 

15 a vessel having a first chamber wherein the first chamber includes an 

amount of a liqtiid that expands at or near the freezing temperature and 
sealing means for sealing an open end of the chamber, wherein the sealing 
means interacts with the liquid upon freezing of the liquid and undergoes 
displacement witii respect to the vessel to indicate tiiat tiie liquid has frozen; 

20 and 

raised temperature indicating means to provide a visual indication 
when the vessel has been subjected to the raised temperature. 



Preferably, tiie raised temperature indicating means includes a second 
25 chamber for the vessel, the second chamber including: 

a reservoir of indicating material being solid below the raised 
temperature and liquid at or above the raised temperature; and 
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a wicking member arranged in contact with tiie reservoir so that the 
indicating material migrates from the reservoir when in liquid form to the 
wicking member to provide the visual indication of the raised temperature. 

5 Optionally, the sealing means is adapted to melt at the raised temperature, 
thereby providing the visual indication of the raised temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will be discussed with reference to the 
10 accompanying drawings wherein: 

FIGURES la and lb are front perspective and sectional views of a freeze 

indicating device according to a first embodiment of the present invention; 

FIGURES 2a and 2b are front perspective and sectional views of the freeze 

indicating device illustrated in Figures la and lb after freezing; 
15 FIGURES 3a and 3b are front perspective and sectional views of a freeze 

indicating device according to a second embodiment of the present invention; 

FIGURES 4a and 4b are front perspective and sectional views of the freeze 

indicating device illustrated in Figures 3a and 3b after freezing; 

FIGURES 5a and 5b are front perspective and sectional views of the freeze 
20 indicating device illustrated in Figures 4a and 4b after subsequent thawing; 

FIGURES 6a and 6b are front perspective and sectional views of a freeze 

indicating device according to a tiiird embodiment of the present invention; 

FIGURES 7a and 7b are front perspective and sectional views of the freeze 

indicating device illustrated in Figures 6a and 6b after freezing; 
25 FIGURE 8 is a front sectional view of a temperature range indicating device 

according to a further embodiment of the present invention; 

FIGURE 9 is a front sectional view of the temperature range indicating device 

illustrated in Figxxre 8 after freezing; and 
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FIGURE 10 is a front sectional view of the temperature range indicating 
device illxistrated in Figure 8 after being exposed to a predetermined raised 
temperature. 

5 In the following description, like reference characters designate like or 
corresponding parts throughout the several views of the drawings. 

DESCRIPTION OF EMBODIMENTS 

Referring now to Figures la and lb, there is shown a freeze indicating device 
10 100 according to a first embodiment of the present invention. Freeze 
indicating device 100 includes a vessel 110 open at one end and filled to 
approximately 95% capacity with an aqueous substance 120. Whilst in this 
embodiment, vessel 110 is a clear tube formed from a suitable rigid plastic or 
alternatively glass, it would be apparent to those skilled in the art tiiat vessel 
15 110 need not be tubular but may have any otiier regular or non-regular 
sectional or tapered shape as required. 

Additionally, whilst the aqueous substance 120 that has been employed in 
this embodiment is water, clearly any other liquid substance which expands 

20 on freezing is contemplated to be within the scope of the invention. 

Additionally compositions or admixtures of liquid substances and other 
materials such as nucleating agents are also considered to be within tiie scope 
of the invention. As would be appreciated by those skilled in the art, the 
temperature at which the liquid substance freezes may be modified to some 

25 extent by changing its composition. 

Inserted into the open end of vessel 110 is a stopper or plug 130 which 
functions as a sealing means and is formed of a resilient material such as 
injection moulded polypropylene or other suitably resilient compound. Plug 
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130 includes a number of circumferential ridges 131 which aid in forming a 
seal between the inner wall of vessel 110 and plug 130. Plug 130 is inserted 
into vessel 110 a distance less tiian the amount that the aqueous substance 
would be expected to traverse on expansion due to freezing. The sealing force 
5 between plug 130 and vessel 110 is adapted to be less than that of the 

expansion force of aqueous substance 120 as it freezes. This results in plug 130 
being displaced with respect to or relative to vessel 110. 

Referring now to Figures 2a and 2b, as aqueous substance 120 freezes it 
10 gradually forces plug 130 from vessel 110, eventually causing it to be 

displaced completely resulting in plug 130 being separated from vessel 110, 
thereby providing a clear visual indication that freeze indicating device 100 
has been subjected to a temperature sufficient to cause such freezing to occur. 
Whilst in this embodiment vessel 110 is transparent, clearly vessel 110 may be 
15 opaque and plug 130 be of a suitable contrasting colour to vessel 110 to 

provide an indicating region as required. In another alternative embodiment 
(not shown), vessel 110 may be open at both ends with corresponding plugs 
130 which each xmdergo displacement with respect to vessel 110 as aqueous 
substance 120 freezes. 

20 

If temperature indicating device 100 thaws, aqueous substance 120 will 
simply melt and leave vessel 110. Where an object is spoiled due to this 
freezing, the presence of the aqueous substance 120 in liquid form is not an 
issue. However, if there is a requirement to prevent any liquid from freeze 
25 indicating device 100 from further iateraddng with the object whose 

temperature is being monitored, then indicating device may be enclosed in a 
further blister package or other suitable packaging sufficient to allow plug 130 
to be displaced from vessel 110 as aqueous substance 120 freezes. 
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If the plug 130 is not fully ejected from vessel 110 and if the aqueous 
substance 120 further re-thaws, then plug 130 may be drawn back or retract 
partially into vessel 110 due to the vacuum force provided by the sealed 
vessel Whilst a visual indication will still be provided by the overall 
5 displacement of ttie plug, in a furdier embodiment the plug 130 and/or end of 
the vessel are modified so as to break the seal as plug 130 is initially displaced 
by the freezing of aqueous substance 120. This may be achieved in one 
embodiment by tapering plug 130. 

10 Referring now to Figures 3a and 3b, there is shown a freeze indicating device 
200 according to a second embodiment of the present invention. In this 
embodiment, a freeze indicating device 100 of the first embodiment is 
attached to a portion of indicator paper 210 which functions as a liquid 
indicator means and incorporates a layer of water soluble ink or other water 

15 soluble indicator. Once again, as shown in Figures 4a and 4b, as freezing of 
freeze indicating device 200 occtirs, plug 130 will be separated front vessel 110 
in tiie process providing a clear indication that the local environment to tiie 
indicating device has reached a sufficiently low temperature. 

20 As aqueous substance 120 begins to thaw, it v/ill gradually be absorbed by 
indicator paper 210 or more generally absorbent member, in the process 
causing water soluble ink 220 to dissipate in indicator paper 210 (as best seen 
in Figures 5a and 5b), thereby providing further indication that temperature 
indicating device 200 has frozen and subsequently thawed. Once again, freeze 

25 indicating device 200 may be suitably packaged to isolate it from the 
immediate enviroiunent as required. 

Referring now to Figures 6a and 6b, ihere is shown a freeze indicating device 
300 according to a third embodiment of the present invention. Indicating 
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device 300 includes a vessel 310 open at one end containing an aqueous 
substance 320 and a cover or cap member 330 which sealingly engages with 
the open end of vessel 310 to prevent the escape of aqueous substance 320. 
Cap member 330 may include internal ridges or other sealing means to 
5 improve the seal. In this embodiment, cap member 330 and the exposed 

surface 316 of vessel 310 are opaque. The amount of aqueous substance 320 is 
fixed to cause cap member 330 to be displaced but to not be completely 
separated from vessel 310 due to the expansion forces resulting from the 
freezing of aqueous substance 320. 

10 

Referring now to Figures 7a and 7b, there is shown freeze indicating device 
300 after being subjected to suitably cold temperatures to cause freezing of 
aqueous substance 320. As cap member 330 is displaced with respect to vessel 
310/ indicating region 315 which is located on the exposed surface 316 of 
15 vessel 310 is exposed, thereby providing a clear visual indication that the 
aqueous substance 320 has frozen. As would be apparent to those skilled in 
the art, freeze indicating device 300 would also be suitable for those 
applications where it is important that aqueous substance 320 be fully 
enclosed and not allowed to escape from vessel 310. 

20 

Referring now to Figures 8, 9 and 10, there is shown a temperature range 
indicating device 400 according to a further embodiment of the present 
invention. Temperature range indicating device 400 includes a tubular 
member 410 open at both ends and incorporating a central partition or wall 
25 460 dividing tubular member into a first chamber 411 and second chamber 
412. First chamber 411 contains aqueous substance 420 and cap member 430 
and is fiUed to a predetermined level whereby on freezing of aqueous 
substance 420, cap member 430 is displaced revealing indicator portion 415 
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(as best shown in Figure 9). Otherwise the outside surface of first chamber 411 
is generally opaque. 

Second chamber 412 includes a reservoir 440 of indicating material which in 
5 this embodiment is blotting paper impregnated with a coloured organic 
compound such as a fatty acid or an alcohol or their derivatives. As an 
alternative to blotting paper, any form of sponge or woven or non-woven 
fibrous material may also be employed as a reservoir, 

10 In contact with reservoir 440 is a wicking member 450 which is a thin sheet of 
blotting paper. Alternatively, any form of woven or non-woven sheet material 
having the required wicking properties would be suitable. In another 
embodiment, reservoir 440 is incorporated into wicking member 450. The 
surface of second chamber 412 is this embodiment is transparent allowing full 

15 view of reservoir 440 and wicking member 450 but alternatively the outside 
surface may be partially opaque and include a viewing aperture with 
indicator markings to view tiie wicking member 450. Providing a seal against 
dust and the like, second chamber 412 also includes a cap member 470. 

20 As best seen in Figure 10, once indicating device 400 becomes exposed to a 

predetermined raised temperature, the indicator material located in reservoir - 
440 will migrate from reservoir 440 into wicking member 450 providing a 
visual indication 445 of the raised temperature environment and functioning 
. as a raised temperature indicating means. A barrier member (not shown) may 

25 be incorporated into wicking member 450 so that there is only a visual 
indication once the indicator material has migrated past barrier member, 
thereby indicating that a predetermined raised temperature history has 
occurred. 



1/10/08, EAST Version: 2.1.0.14 



wo 2007/068061 



PCT/AU2006/001912 



12 

Thus temperature indicating device 400 provides an indicator that the 
temperature of a given environment or an object to which the indicating 
device has been attached has stayed within a certain range defined at a lower 
end by the temperature at which aqueotis substance 420 freezes (as best seen 
5 in Figure 9) and at an upper end by the temperature at which indicating 
material in reservoir 440 migrates into wicking member 450 (as best seen in 
Figure 10). 

In another embodiment of a temperature range indicating device according to 
10 the present invention, the cap member or plug may be formed of a material 
that has a melting point corresponding to the upper end of temperature range 
indicating device, thereby also functioning as a raised temperature indicating 
means. In this manner, tiie combination of the aqueous substance escaping the 
vessel and the destruction of the cap member or plug will indicate that the 
15 device has been exposed to raised temperatures. At the lower temperature 
end, displacement of the cap member or plug will indicate that the aqueous 
substance has frozen. 

A brief consideration of the above described embodiments will indicate that 
20 the invention provides an extremely simple and economical freeze indicating 
device which is effective to significantly reduce the manufacturing costs 
associated with such devices. 

Alliiough a number of embodiments of the present invention have been 
25 described in the foregoing detailed description, it will be understood that the 
invention is not limited to the embodiment disclosed, but is capable of 
numerous rearrangements, modifications and substitutions without departing 
from the scope of the invention as set forth and defined by the following 
claims. 
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THE CLAIMS: 

1. A freeze indicating device for indicating that the device has been 
subjected to a freezing temperature, the device including: 

a vessel having an open end, the vessel containing an amount of a 
liquid that expands at or near the freezing temperature; and 

sealing means for sealing the open end of the vessel, wherein the 
sealing means interacts with the liquid upon freezing of the liquid and 
undergoes displacement with respect to the vessel to indicate that the liquid 
has frozen. 

2. The freeze indicating device as claimed in claim 1, wherein 
displacement of the sealing means exposes an indicating region to indicate 
that the liquid has frozen. 

3. The freeze indicating device as claimed in claim 2, wherein the 
indicating region is located on the sealing means. 

4. The freeze indicating device as claimed in claim 2, wherein the 
indicating region is located on an external surface of the vessel. 

5. The freeze indicating device as claimed in any one of the preceding 
claims, wherein the amotmt of the liquid causes the sealing means to be 
separated from the vessel upon freezing of the liquid. 

6. The freeze indicating device as claimed in daim 5, wherein the device 
furtiher includes liquid indicator means to interact with the liquid on thawing. 

7. The freeze indicating device as claimed in claim 6, wherein tixe liquid 
indicator means includes an absorbent member incorporating a liquid soluble 
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indicator which dissipates into the absorbent member on contact with the 
liquid on thawing. 

8. The freeze indicating device as claimed in any one of the preceding 
claims, wherein the vessel is substantially tubular. 

5 9. The freeze indicating device as claimed in claim 8, wherein the vessel is 
open at both ends and includes corresponding sealing means located at each 
end which xmdergo displacement on freezing of the liquid. 

10. The freeze indicating device as claimed in any one of the preceding 
claims, wherein tiiie sealing means includes a plug or stopper inserted into the 

10 open end. 

11. The freeze indicating device as claimed in daim 10, wherein the 
stopper includes circumferential ridges to improve sealing with the vessel. 

12. The freeze indicating device as claimed in any one of claims 1 to 10, 
wherein the sealing means includes a cap member, the cap member to cover 

15 the open end of the vessel. 

13. A temperature range indicating device for indicating that the device 
has been subjected to a temperature outside of a predetermined temperature 
range, the predetermined temperature ranged defined at a lower end by a 
freezing temperature and at an upper end by a raised temperature, the device 

20 including: 

a vessel havii\g a first chamber wherein the first chamber includes an 
amount of a liquid that expands at or near the freezing temperature and 
sealing means for sealing an open end of the chamber, wherein the sealing 
means interacts with the liquid upon freezing of the liquid and undergoes 



1/10/08, EAST Version: 2.1. 0,14 



wo 2007/068061 



PCT/AU2006/001912 



15 

displacement wifli respect to the vessel to indicate that the liquid has frozen; 
and 

raised temperature indicating means to provide a visual indication 
when the vessel has been subjected to the raised temperature. 

5 

14. The temperature range indicating device of claim 13, wherein the 
raised temperature indicating means includes a second chamber for the 
vessel, the second chamber including: 

a reservoir of indicating material being solid below the raised 
10 temperature and liquid at or above the raised temperature; and 

a wicking member arranged in contact with the reservoir so that the 
indicating material migrates from the reservoir when in liquid form to the 
wicking member to provide the visual indication of the raised temperature. 

15. The temperature range indicating device of claim 14, wherein the 

15 raised temperature indicating means includes a barrier member, the barrier 
member substantially overlaying and in contact with the wicking member, 
wherein the barrier member allows for viewing of tiie visual indication when 
the indicating material has migrated past the barrier member. 

16. The temperature range indicating device of claim 14 or 15, wherein an 
20 external surface of the second chamber of the vessel is partially opaque and 

includes a viewing aperture to view the wicking member. 

17. The temperature indicating device of claim 13, wherein the sealing 
means is adapted to melt at the raised temperature, thereby providing the 
visual indication of the raised temperature. 
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Figure 7a Figure 7b 
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Figure 8 Figure 9 




Figure 10 
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